Recently, we have found that the accumulation of ripening inhibitor (RIN) protein increased gradually during tomato fruit ripening. Here, the recombinant protein was expressed in Escherichia coli and affinitypurified. The DNA binding activity of renatured RIN protein was tested by electrophoretic mobility shift assay. The results indicated that an optimal expression and purification system was suitable for obtaining active RIN with DNA binding activity.
MADS domain protein is a big transcription factor family that has been implicated in the regulation of a number of plant developmental control and signal transduction processes. [1] [2] [3] The role of MADS genes in the reproductive development of flowering plants (angiosperms) is especially well-known. 2) Recently, many MADS domain proteins have been identified in fresh fruit. 4, 5) Among these MADS proteins, LeMADS-RIN plays an interesting role in regulating fruit ripening. 4) Loss-of-function of rin inhibits all measurable ripening phenomena, including fruit softening, carotenoid biosynthesis, respiration, and ethylene production. 4, 6, 7) Therefore, RIN gene is thought to be a key factor in regulating fruit ripening, which encompasses the genetic regulatory components necessary to trigger ripeningrelated ethylene biosynthesis and climacteric respiration. 8) Whether the MADS transcription factors also play an essential role in fruit ripening as in flower development is a very interesting issue. To investigate RIN at the protein level, we developed a polyclonal antibody against RIN.
9) In addition, the protein level of RIN in tomato was detected with this antibody, which suggested that the accumulation of RIN protein increased gradually during tomato fruit ripening. 9) Protein is the functional entity for transcription factor, however, no study has been reported before on the properties and function of RIN. In this study, recombinant RIN protein was expressed in Escherichia coli and purified by affinity chromatography. The conditions of expression and the purification system were optimized. With a gradual reduction in urea concentrations during dialysis, renatured recombinant RIN protein was obtained. Moreover, electrophoretic mobility shift assay (EMSA) analysis suggested that the recombinant RIN was active with MADS-site binding activity.
The whole ORF form of RIN (accession no. AF448522) was amplified by PCR, digested with BamHI and XhoI, and cloned into pET30a vector (Novagen, Madison, WI). His-tag fusion RIN was confirmed by BamHI/XhoI digestion and DNA sequencing. His-tag fusion RIN was predicted to be a protein with a molecular weight of 34 kDa. Unfortunately, most of the expressed recombinant proteins were present in inclusion bodies (IBs) (Fig. 1A) . In order to obtain recombinant protein on a larger scale in the supernatant, expression conditions were optimized using different IPTG concentrations (0.1, 0.5, and 1.0 mM) and different temperatures (16, 20, 28, and 37 C) (data not shown), but no significant difference in the solubility of the protein was observed, and the distribution of RIN protein in the supernatant was slight (Fig. 1A) . Hence purification of RIN was performed with inclusion bodies under denaturing conditions. Urea was chosen as the denaturing agent to dissolve IBs. Preparation of the inclusion bodies was performed according to Leal et al.
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* These two authors contributed equally to this work. y To whom correspondence should be addressed. Fax: +86-10-62736479; E-mail: lyb@cau.edu.cn Abbreviations: MADS, Mcm1, Agamous, Deficiens, Srf; RIN, ripening inhibitor; IPTG, isopropyl--D-thiogalactoside; IBs, inclusion bodies; CArG motif, C-(A/T) rich-G sequence; EMSA, electrophoretic mobility shift assay Washed inclusion bodies were denatured and solubilized with binding buffer (20 mM sodium phosphate, 500 mM NaCl, and 8 M urea, pH 7.4) for 1 h at 4 C. Samples were centrifuged at 10,000 g for 15 min at 4 C. Solubilized proteins were purified in Ni Sepharose 6 Fast Flow (GE Healthcare, Milwaukee, WI) under denaturing conditions, following the manufacturer's instructions. Samples were loaded and the column was washed with binding buffer containing 20 mM of imidazole. Optimizing conditions for purification were carried out (Fig. 1B) . Proteins were eluted with a serial concentration increase in imidazole (60, 100, and 300 mM) in the binding buffer. In addition, western blotting analysis also confirmed the presence of recombinant protein in the eluted fractions (Fig. 1C) . Western blot was performed according to the method described by Zhu et al. 9) Because the purified protein was inactive under denaturing conditions, refolding of the protein was done to form the correct intermolecular associations. Considering that the next step was to determine the DNA binding activity of renatured recombinant RIN protein, denatured purified RIN proteins in the eluted fractions were dialyzed in EMSA binding buffer (60 mM KCl, 12 mM Hepes (pH 7.5), 4 mM Tris/HCl (pH 7.5), 1 mM EDTA, 1 mM DTT, and 10% v/v glycerol) with gradual urea reduction. Each dialysis step was performed at 4 C for 8 h. At first, the gradual decreasing urea concentrations were 6, 4, 2, 1, and 0 M respectively ( Fig. 2A) . Many pellets appeared during dialysis, especially when the urea concentration was decreased from 2 M urea to 0 M urea, and finally the renatured recombinant proteins was small in amount of the soluble fraction (Fig. 2A,  lane 5) . These pellets might have been caused by the high speed of denaturant removal. Therefore, two other urea concentrations (1.5 and 0.5 M) were added in the gradual reduction of urea concentrations. During the second dialysis, little pellets appeared (Fig. 2B, lane 8) , and a majority of the renatured protein remained soluble (Fig. 2B, lane 7) . The results also indicated that the speed of denaturant removal was important in the refolding of the recombinant RIN protein, especially at low concentrations of urea (Fig. 2B) .
All MADS-box genes have in common a highly conserved DNA sequence about 180 base pairs in length, which encodes the DNA-binding domain of MADS-box proteins. This domain binds with high affinity to a consensus DNA sequence called CArG motif. 11) In order to verify the activity of the renatured RIN protein, EMSA was carried out with 35-bp DNA fragments containing the CArG motif. 
CArG motif is 5
0 -CCATGTAATTACTATATATAG-AAATTTACACGCT-3 0 , and the mutant CArG motif is 5 0 -CCATGTAATTAATATATATAGAAATTTACACG CT-3 0 . The double-stranded DNA probes were synthesized and labeled with [ 32 P-]ATP using T4 polynucleotide kinase (Promega, Madison, WI). Labeled DNA fragments and purified recombinant RIN protein were mixed with EMSA binding buffer in a final volume of 20 ml. After 20 min of incubation, EMSA for RIN was performed according to Tang et al. 11) Gel shift assay showed that the labeled DNA fragment was shifted (retarded migration in the gel) by the recombinant protein, and that the mutant DNA probe was not shifted (Fig. 3A) , which suggested that the renatured RIN had good DNA binding activity. In addition, thicker shifted bands were produced with the addition of protein (Fig. 3B) . While this manuscript was in preparation, Kitagawa and collaborators published a description of ethylene biosynthesis regulation in tomato fruit from the F 1 Hybrid of the ripening inhibitor (rin) mutant.
12) The authors mentioned that the RIN protein exhibited binding activity to the CArG motif, 5 0 -CTA(A/T) 4 TAG-3 0 , in their preliminary experiment. In our EMSA, the probe was also of the type 5 0 -CTA(A/T) 4 TAG-3 0 . The results reported here on the binding activity of RIN are fully supported by the results reported by Kitagawa et al. 12) In this study, RIN protein was successfully expressed in and purified from Escherichia coli. Examination of the binding properties of the renatured RIN protein indicated that recombinant RIN protein was active in the sense that it bound to the CArG motif in vitro. With the availability of this expression and purification system, further function investigations and determination of the direct target genes of RIN protein can now be performed. 
